There is a need to improve the quality of teaching done by neurology residents because neurology residents are intimately involved in medical student education. This article reviews the available literature on techniques to improve the teaching ability of resident physicians. Eight randomized prospective studies were identified from health and education databases. The outcomes measured were student ratings of residents or objective ratings of interactions between residents and students. The skills curriculum provided a more robust response, and the objective standardized teaching examination (OSTE) provided a standardized outcome. There continues to be a need for studies specifically addressing the teaching by neurology residents and fellows. NEUROLOGY 2004;63:1334 -1338 R esident physicians spend up to 25% of their time teaching medical students and other residents. 1,2 The American Association of Medical Colleges (AAMC) has recognized that resident teaching has an important impact on medical education. 3 This is borne out by surveys that show medical students feel the teaching done by residents is important to their education. 4 Within neurology, resident teaching is required as a part of residency. The neurology residency review committee of the Accreditation Council for Graduate Medical Education (ACGME) sets the standards for accreditation of neurology residencies and states: "Teaching of other residents, medical students, nurses, and other health care personnel, formally and informally, is a required aspect of the resident's education in neurology." 5 To improve resident teaching skills, residencies have begun to incorporate teaching programs, typically in the form of training sessions. A recent survey of family medicine, internal medicine, psychiatry, general surgery, and obstetrics/gynecology residents found that 55% of all residency programs offered instruction to its residents in teaching skills. 6 Unfortunately, the published surveys do not include neurology residencies, and the rate of resident teaching programs in neurology is not known.
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The AAMC, an advocacy group for medical student and resident education, and the Liaison Committee on Medical Education (LCME), the accreditation group for medical schools, advocate for improving teaching skills for residents. These organizations feel that these skills are particularly important for residents who teach "core clinical clerkships" for thirdyear medical students. 7 The education subcommittee of the American Academy of Neurology has previously recommended the neurology clerkship be in the third year. 8 This group feels that neurology is an important part of third-year medical education because of the prevalence of neurologic diseases that will be cared for by primary care physicians. If the AAMC and LCME feel strongly that residents who teach third-year clerks should have specific training and neurology is to be a third-year clerkship, then it follows that neurology residencies should prepare its residents to teach as well.
Despite the emphasis from authoritative groups that teaching is important, there is little published literature addressing how to improve residents' ability to teach. Many of the available articles do not use standardized outcome measures or are not prospective controlled trials. The lack of research on teaching techniques is especially evident in neurology where there are only two published studies of teaching strategies in a neurology setting and neither deals with teaching improvement methods for residents. 9, 10 Although there is scant literature on how to improve neurology resident teaching skills, there are published guidelines on what medical students should learn from residents and attendings in neurology. These are outlined in the neurology clerkship core curriculum. 11 To improve the ability of neurology residents to teach the topics deemed necessary, we endeavored to find effective methods of teaching residents to teach. This article reviews the literature on resident teaching throughout all specialties, as there are no published studies that include neurology residents. We critically evaluated studies that used high quality research techniques and outlined needs for future study within neurology.
Methods

Strategy for identification of studies
We identified trials of interventions to improve the quality of teaching done by residents of all specialties. Studies were identified by searching the National Library of Medicine's PubMed database (1966 to 2004) using the medical subject headings "internship and residency" and "medical education." The Educational Resources Information Center (ERIC) database (1966 to 2004) was searched using the terms "residency" and "teaching." In addition, the bibliography of the Web site http:// www.residentteachers.com 12 was used. Several experts in the field were contacted to ensure that unreported trials were included.
Inclusion/exclusion criteria
Studies were included if they were prospective, randomized controlled trials of techniques to improve the ability of residents to teach medical students. Studies were excluded if they were not prospective, controlled, or randomized.
Data extraction
Once articles were chosen based on the inclusion criteria, the authors (D.G. and S.F.), extracted data including date of publication, study type, number of subjects, type of resident, type of intervention and control, outcome measures, and the results.
Results
The initial PubMed and ERIC search yielded 33 articles. An additional study was identified from the Web site http://www.residentteachers.com. 12 After reviewing titles and abstracts, eight articles met the inclusion criteria. The remaining articles were excluded because they were observational, not randomized, or not controlled studies.
The studies are summarized in table 1. The eight studies [13] [14] [15] [16] [17] [18] [19] [20] examined teaching methods from a variety of residencies. Only two 16, 20 of the studies included baseline data about the control and treatment group. With regard to interventions, five studies 13, 14, 17, 18, 20 used formal skill sessions to improve resident teaching ability. These sessions varied from one half day teaching seminars to a series of 1-hour conferences. The remaining three studies 15, 16, 19 used direct or summarized student feedback to improve the teaching skills of residents.
For outcome measures, five of the studies 13,15-18 focused on student and self-evaluations, whereas three 14, 17, 20 used either an objective structured teaching examination (OSTE) or a third-party evaluation of a structured interview. Studies using both outcome measures were able to demonstrate significant improvements in the intervention vs the control group. One 20 study used a survey instrument, the Clinical Teaching Perception Inventory, to assess the comfort of the residents in their teaching role. There was no effect of the intervention on this survey. Most of the articles did not include numeric data in their articles. The results are summarized in table 2.
Discussion
The importance and prevalence of resident teaching has been established, and because of this, there is a need for effective, proven techniques to develop residents' teaching skills. As these studies reveal, however, further work needs to be done to identify the most effective methods. Notably, none of these studies included neurology residents, and neurologists need to catch up with other specialties regarding assessing our resident teaching abilities and techniques. These studies demonstrate that teaching workshops can improve resident teaching skills as measured by objective teaching examinations. The studies also suggest that the effect of student feedback may not be as great as that of teaching skills sessions. Only one of the three studies using student feedback as an intervention was able to demonstrate a significant improvement in the experimental group, whereas four of the five studies using skills sessions were able to demonstrate a significant improvements in the experimental group.
With the current goal of the ACGME to promote verifiable outcomes of residency training via the core competencies, it is important to highlight the studies that employed validated and reliable outcome measures. The earliest study to do this was by Edwards, 14 which employed a standardized evaluation by trained psychology students of videotaped interactions of residents and students. This outcome measure was unique to this study and predated the OSTE used in later studies. The OSTE is an observed examination that has been validated for evaluating the teaching skills of faculty. When modified for use by residents, the OSTE remains a reliable and valid evaluation technique. 21 It involves observing residents' interactions with medical students along several stations to test the important teaching skills needed by residents. The studies by Dunnington 17 and Morrison 20 used the OSTE, a standardized outcome measure, to evaluate observed resident performances and show that their teaching curricula was effective. Because of its standardization and validation, the OSTE should be employed in future studies of teaching methods for residents. The ultimate goal, though, should be to employ a measure of student learning, as this is ultimately the outcome of greatest importance. Presently, there are no published studies that have used this as an outcome.
The studies in this review also do not address the optimal curricu-lum for teaching residents or if the combination of skills sessions and student feedback is synergistic. A common theme in several of the workshops was the five microskills technique, used by Morrison, 20 Dunnington 17 and Furney. 18 This technique has been used by faculty to teach residents and stresses the "teachable moment." 22 The five microskills that should be used whenever a opportunity to teach arises are (1) get a commitment, (2) probe for supporting evidence, (3) teach general rules, (4) reinforce what was done right, and (5) correct mis-takes. In the study by Morrison, 20 the authors identified this technique along with others from their review of the literature on effective teaching methods for faculty. They then modified those methods for residents. The nature of the literature on the content of teaching curricula is beyond the scope of this article, but further information on programs that have been used across the country can be obtained on the Web site http://www.residentteachers. com. 12 Dr. Morrison et al. produced this Web site as part of their ongoing study of resident teaching techniques. Generalizing these findings to neurology is problematic. These studies do not address the specific needs of neurology residents, i.e., that neurology employs unique physical examination techniques, as well as complex neuroradiologic and neurophysiologic studies. All of these are difficult to master, especially for junior residents and are intimidating to teach to medical students. These and other teaching challenges for neurology residents have been detailed by Gelb 23 and Frank. 24 Dr. Gelb has pioneered the use of computer-aided neuroanatomical teaching aides for neuroanatomy as an adjunct to the teaching done on the wards by residents. Dr. Frank discusses the use of bedside and small group teaching techniques that can be used by neurology residents. Techniques such as these may be beneficial, but need to be critically evaluated. These and other methods could be used as part of a larger teaching curriculum specific for neurology. Any study should use validated standardized outcome measures, i.e., an OSTE, as well as outcome measures of student learning.
In order to accomplish the goal of improving resident teaching in neurology, there needs to be community-wide commitment to improving this aspect of residency. This dedication needs to be in the form of funding and recognition that research in this field is vital for neurology departments and the future of neurologists. Residents and fellows need to involve themselves as future faculty to participate in the improvement of teaching methods. We need to prove that those who can, teach.
Conclusions
The quantity of teaching done by residents is substantial, but the quality and impact needs further study. The number of rigorous studies on techniques to improve the teaching done by residents is small. The studies that do exist suggest that a curriculum including workshops on teaching skills for residents can improve the residents' teaching ability as measured by an OSTE. Further studies, especially those that involve neurology residents and fellows, the future faculty in neurology, are needed. Significant improvement by intervention group on many sections of OSTE; no effect on CTPI
